Studies of final state interactions via femtoscopy in ALICE by Graczykowski, Łukasz Kamil
Studies of final state interactions via femtoscopy in ALICE
 Lukasz Kamil Graczykowski (for the ALICE Collaboration)
Faculty of Physics, Warsaw University of Technology, ul. Koszykowa 75, 00-662, Warszawa,
Poland
E-mail: lgraczyk@if.pw.edu.pl
Abstract. Femtoscopy is a technique enabling measurements of the space-time characteristics
of particle-emitting sources. However, the femtoscopic analysis is also sensitive to the interaction
cross-section. In this paper we show the first preliminary measurements of K0SK
± correlation
functions in Pb–Pb collisions at
√
sNN = 5.02 TeV. These correlations originate from the final-
state interactions which proceed through the a0(980) resonance only and can be employed
to constrain its parameters. A similar approach can be applied to baryon pairs to extract
the unknown interaction cross-sections for some (anti-)baryon–(anti-)baryon pairs. We show
baryon–baryon and baryon–anti-baryon correlation functions of protons and lambdas, as well
as discuss shortly the fitting method.
1. Introduction
The “traditional” method of femtoscopy (also known as “HBT” correlations), created to
measure the space-time characteristics of the particle-emitting region at freeze-out, is based
on measurements of correlations of two identical bosons (usually pions). These correlations are
calculated as a function of relative momentum, expressed as q = p1− p2 or k∗ = q/2 [1, 2]. In
general, the femtoscopic technique allows the width of the distribution of relative separation
between the emission points of two particles, usually called the “HBT radius”, to be extracted.
The dependence of this parameter on event multiplicity (centrality) and transverse momentum
of the pair kT = |p1 + p2|/2 is frequently interpreted in terms of relativistic hydrodynamics as
a signature of collective behavior of the created medium [2]. The mathematical formalism of
femtoscopy is not limited only to identical bosons though and other pair combinations can be
studied as well. The results of the femtoscopic analysis of two such not typical pair combinations
are presented below.
2. Femtoscopy of K0SK
± pairs
The results of charged and neutral femtoscopy of identical kaons have been published by ALICE
in Pb–Pb and pp collisions [3–5]. In the case of identical kaons, the correlation effect at low
relative momentum originates from the combination of the following physical effects: Bose-
Einstein quantum statistics (for K±K± and K0SK
0
S), Coulomb interaction (for K
±K±), and final-
state interaction (FSI) via the f0(980)/a0(980) threshold resonances (for K0SK
0
S).
The non-identical correlations of K0SK
± have never been studied before. In this case the
FSI goes through one resonant state of a0(980)1. This uniqueness of the K0SK
± pair allows the
1 Both the K0SK
0
S pair and the a0 are in I = 1 isospin state. On the other hand, the f0 is in I = 0 state, so this
channel is not allowed since the isospin would not be conserved.
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properties of the a0 resonance itself to be constrained, which is discussed in many publications
as a tetraquark (a 4-quark state), or a “K-K molecule”. In this study we considered four a0
parameterizations: “Achasov2” [6], “Achasov1” [7], “Antonelli” [8], and “Martin”[9].
Examples of K0SK
+ and K0SK
− correlation functions measured by ALICE in two kT ranges,
plotted together with fits of the so-called Lednicky analytical model [10, 11] emplying the
“Achasov2” parameters of a0, can be seen in Fig. 1. One can observe a suppression at low
k∗ which is a result of the strong FSI. By looking at the plots themselves one can judge that the
fit with a0 FSI gives a very good description of the experimental data.
Figure 1. K0SK
+ (left) and K0SK
− (right) correlation functions with Lednicky fits using
”Achasov2” parameters of a0.
The “Lednicky” fits allowed typical femtoscopic quantities, that is the “HBT radius” (the
kaon source size) R and the correlation strength λ to be extracted for all a0 parameters. It was
found that for all parameterizations the fit results for K0SK
+ and K0SK
− are consistent with each
other, therefore both quantities were averaged. Both R and λ are presented in Fig. 2.
The results show a clear agreement between identical-kaon and K0SK
± results for all a0
parameters except “Martin” which are the lowest ones in comparison to other considered
parameterizations. Since there is no physical reason to expect that femtoscopic quantities for
K0SK
± pairs should be different from those for K0SK
0
S and K
±K± pairs, the experimental data
seems to favor higher values of a0.
3. Femtoscopy of baryon pairs
Femtoscopy of baryons also allows to study final-state interactions. For example, FSI effects can
play a role in the rescattering phase for final-state hadrons and, going beyond the relativistic
heavy-ion field, in understanding the properties of neutron stars [12, 13] or search for potential
CPT symmetry breaking [14]. It is argued that baryon–anti-baryon annihilatation can be
responsible for the p/pi+ ratio which falls short of thermal model expectations at the LHC [15].
Several theoretical calculations argue that rescattering in the final-state should be taken into
account in the measurements of particle yields [16–18].
The ALICE experiment has already published results of pp and pp femtoscopy in Pb–Pb
collisions at
√
sNN = 5.02 TeV [5], which are complemented by still ongoing studies of other
pairs with (anti-)protons and (anti-)lambdas. The upper panel of Fig. 3 shows baryon–baryon
correlation functions for pp, pΛ+ pΛ, ΛΛ+ΛΛ and ΛΛ pairs. A clear correlation signal is
present for all systems. In the case of baryon–baryon correlations, the correlation effect at
low relative momentum originates from the combination of the following phenomena: Fermi-
Dirac quantum statistics (for pp+pp and ΛΛ+ΛΛ), Coulomb interaction (for pp+pp), strong
final-state interaction (for pp+pp, ΛΛ+ΛΛ, and pΛ+pΛ).
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Figure 2. R (left) and λ (right) parameters of the fit from averaged K0SK
± correlations compared
to the results of identical-kaon femtoscopy from ALICE [5].
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Figure 3. Upper panel: correlation functions for (anti-)baryon–(anti-)baryon pairs: pp (left) [5],
pΛ+ pΛ (middle), and ΛΛ+ΛΛ (right). Lower panel: correlation functions for baryon–anti-
baryon pairs: pp (left), pΛ+pΛ (middle), and pΛ+pΛ (right).
The pp correlation function exhibits a maximum around q= 40 MeV/c which is caused by the
strong interaction, since both Coulomb and Fermi-Dirac statistics produce a negative correlation.
Similar behavior, originating from these three effects is visible also for other pairs. In the case
of pΛ+ pΛ, where only strong FSI is present, we do not observe any negative correlation. For
ΛΛ+ΛΛ the strong interaction gives surprisingly weak contribution since the correlation function
at low relative momentum is clearly below unity due to Fermi-Dirac quantum statistics (though
a hint of enhancement from strong FSI is visible for for the first bin).
In the lower panel of Fig. 3 correlation functions for baryon–anti-baryon pairs are presented.
In this case only two effects can be present: Coulomb interaction (for pp) and strong FSI (for
pp, pΛ+pΛ, and pΛ+pΛ). The Coulomb interactions is present only in the case of pp pairs and,
due to its attractive nature in case of opposite charges, produces a positive correlation. This
effect is visible for the lowest values of k∗. Apart from this effect, all three pair combinations
exhibit a wide suppression from strong FSI.
Fitting the baryon correlation functions is complicated by the presence of so-called “residual
correlations”. They arise from feed-down of weak decay products, which contaminate the
experimental sample (e.g. an admixture of protons from decays of lambdas in the primary
proton sample); see the pp correlation function, top-left plot in Fig. 3. The fit with the pp wave
function only cannot describe the experimental data. The visible excess is however accounted
for if a contribution from pΛ pairs is considered. There are two methods incorporating “residual
correlations” in the fitting procedure, “transformed residuals” [19] (used by ALICE in [5]) and
“Gaussian residuals” [20].
4. Conclusions
Femtoscopy is a powerful tool capable not only to measure sizes of particle emitting sources but
also gives access to final-state interactions. This feature allows to constrain strong interaction
cross-sections for particle pairs where little or no other experimental data exist. The preliminary
results from ALICE suggest that such detailed analysis for many meson and baryon pairs which
has not been measured are possible at the LHC.
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